Abstract. Since the Pucon Globular Cluster meeting in March 2001, there has been considerable progress in obtaining high quality spectra for Globular Clusters (GCs) around early-type galaxies. This combined with earlier imaging studies, suggests that both the blue (metal-poor) and red (metal-rich) GC subpopulations are very old. The blue GCs formed slightly pre-galactic and the red GCs formed along with the galaxy field stars in a gaseous event at high redshift. Late stage mergers appear to make a small contribution to the overall GC system of ellipticals as revealed by the presence of some young and intermediate aged GCs. The GC systems of elliptical and spiral galaxies are remarkably similar, suggesting a common formation process.
Introduction
In March 2001, the meeting on Extragalactic Star Clusters included a session on Globular Cluster (GC) systems. Much of the discussion was about the origin of the two GC subpopulations. Most of the observational data was derived from imaging, particularly from the Hubble Space Telescope. Since Pucon, high SIN spectra for several GC systems have been published (almost exclusively by the SAGES team using the Keck telescope) allowing relatively accurate ages, metal licities and abundance ratios to be derived. Kinematics are still, unfortunately, limited to a few galaxies. In terms of ideas for GC formation, the discussion at Pucon focused on formation in gaseous late-stage mergers (Ashman & Zepf 1992), multi-phase collapse at early epochs (Forbes, Brodie & Grillmair 1997) and dissipationless accretion (Cote, Marzke & West 1998). Since then, GC formation has been placed in the cosmological galaxy formation context by Beasley et al. (2002a, and this workshop) . In this model, GCs form in two modes of star formation, mostly at high redshift. In the first, or 'quiescent' mode, metal-poor GCs form in proto-galactic clouds. These gaseous clouds collapse/merge, giving rise to a burst of star formation. During this 'burst' mode, the vast bulk of the galaxy stars form along with the metal-rich GCs. In the case of field ellipticals they may experience gaseous merger events at lower redshifts which may form a few more metal-rich GCs. Accretions of existing GCs may also occur. Thus this model involves elements of collapse at early epochs, merger-induced formation and accretions. Importantly it makes testable predictions regarding the age and metallicity distributions of GCs in early-type galaxies.
In June 2002, two months before this workshop, I reviewed the properties of extragalactic GC systems. Although I focused on the observational properties, advances on the modelling side were also mentioned. I refer the reader to this review for more details (Forbes 2002).
2
Bulge GCs in Spirals
In our Galaxy, the inner metal-rich GCs are now thought to be associated with the bulge rather than the disk (Minniti 1995) . Recently Forbes et al. (2001) extended this view to other spiral galaxies. In particular, they showed that the mean metallicity, velocity dispersion, rotation velocity and spatial distribution of the inner metal-rich GCs in M31 and MS1 supported a bulge origin. Perret (this workshop) presented more evidence for a bulge origin in the metal-rich M31 GC system. HST imaging of the GCs in the Sombrero galaxy (M104) revealed a large number of metal-rich GCs (Larsen, Forbes & Brodie 2001). It seems highly unlikely that they are associated with the tiny disk but instead with the dominant bulge. A comparison of the number of metal-rich GCs with the bulge luminosity (called 'bulge' specific frequency) in the MW, M31 and M104 suggests a near constant value of 1.0. This can be compared to the specific frequency of red (metal-rich) GCs in field ellipticals which is 0.5-1.5 (assuming that the elliptical is simply a large bulge). Thus the 'bulge specific frequency' for spirals and ellipticals are similar. So although genuine disk GCs may exist, the inner metal-Tich GCs in spirals should be thought of as bulge GCs.
The Local Group Elliptical
Some large ellipticals may have formed via the merger of spirals. It is thus interesting to 'merge' together the GC systems of the Local Group galaxies to simulate a dissipationless (ie no new GCs are formed) merger. This merger is of course dominated by M31 (Sb) and MW (Sbc). Forbes et al. (2000) carried out this exercise and found the total GC system of the LG elliptical to be 700 ± 125. The total luminosity was estimated to be Mv = -22.0, giving SN = 1.1. After correcting for the presence of young stellar populations this value rises to S N f"V 2, so still a relatively low SN elliptical. The GC luminosity function revealed a peak at the universal value (ie Mv f"V -7.5) and the metallicity distribution was bimodal with peaks [Fe/H] f"V -1.5 and -0.5. The ratio was 2.5:1 for metal-poor to metal-rich GCs. Any models of merging spirals should take into account not only the pre-existing metal-poor GCs but also the metal-rich ones (which could be a significant fraction in the case of early-type spiral progenitors). This exercise also shows that unless GCs formed in a merger event do so with higher than normal efficiency, the remnant elliptical will have a relatively low SN value.
4

Spectroscopy of Extragalactic GCs
High SIN spectra of GCs from the Keck telescope include the following galaxies: .. Kinematics. Large kinematic samples of GCs have been published for only four early-type galaxies (ie M87, M49, NGC 1399 and NGC 5128), but more are coming soon (eg M104, Bridges this workshop). Such samples, often from 4m telescopes, have confirmed the X-ray evidence for dark matter halos and begun to probe the orbital characteristics of the GC subpopulations (Zepf, this workshop).
Currently it is difficult to draw general conclusions. However for NGC 5128, which has the best defined stellar rotation field (Peng, this workshop), the metal rich GCs follow the field star rotation as expected in the multi-phase collapse picture. (2002) for various impact parameters. As suggested by the merger simulations, the expectation is that high SN galaxies will have low blue-to-red ratios. This is contrary to the general trend seen in the data and in the hierarchical model galaxies . 
5
SN Revisited
GCs in Early-type Galaxies 5
The specific frequency of a GC system has been, and will continue to be a useful tool in GC studies (see also Harris this workshop). In 1997, Forbes, Brodie & Grillmair first pointed out a problem with the major merger model (Ashman & Zepf 1992) in that high SN ellipticals would be expected to have a high proportion of red GCs -in fact the opposite was observed. In Fig. 1 I revisit this issue and show new data, plus predictions from two GC formation models.
The plot shows SN (number of GCs per unit galaxy starlight) vs the ratio of blue (metal-poor) to red (metal-rich) GCs. Data for several early-type galaxies are shown by filled circles and error bars. Only galaxies with good areal coverage are included so that the correct blue-to-red ratio is used (this ratio has a strong radial trend). We show the hierarchical model predictions (Beasley this work shop) for 450 ellipticals as open circles. We also show the range of parameters for the major merger model of Bekki et al. (2002) . Crosses represent different impact parameters, and are joined by a solid line.
The major merger model expects generally low blue-to-red ratios for high SN galaxies (as stated above). This expected trend is in direct contrast with the observational data and the hierarchical model which both reveal a weak trend for the higher SN galaxies to have relatively more blue GCs, ie it is the number of blue GCs that drives SN. The evolution of SN in the hierarchical model indicates that most of the change in SN occurs at early epochs and late stage mergers have only a minor effect on S N . 6 
Conclusions and Future work
From the Keck spectra noted above, and now VLT spectra (Kuntschner and Puzia this workshop), it appears that the bulk of blue and red GCs are old (""" 12 Gyrs) , ie they formed at early epochs as expected in the multi-phase collapse (Forbes, Brodie & Grillmair 1997) or hierarchical galaxy formation ) models. It is not yet clear if the red GCs are a few Gyrs younger on average than the blue GCs as expected in these models. In addition to the old GCs, some ellipticals show evidence for significantly younger red GCs. Such 'structure' in the age distribution of red GCs is expected in the hierarchical picture and is predicted to be most pronounced in field el lipticals. These younger GCs probably formed in a gaseous merger event, but represent a small fraction of the overall GC system. The hierarchical models predict that the specific frequency is largely determined at early epochs with late stage mergers having little effect on elliptical galaxies specific frequency.
The GC systems of elliptical and spiral galaxies are remarkably similar, sug gesting a common formation process. Such general similarities are a basic expec tation of hierarchical galaxy formation.
There are three areas in particular that I expect to see interesting results in the near future. These include: .. the nature and frequency of the recently discovered large (R eff """ 10 pc) red low luminosity (M v f'V -6) clusters (Brodie this workshop) . .. more GC kinematics. More halo mass estimates can be compared with X-ray mass estimates and test the assumptions of each method. Kinematics will also give GC orbital characteristics and hence measures of angular momentum at large radii . .. the importance of shredded dwarfs in producing massive GCs (see Fig. 2) . A significant fraction of the high luminosity end of the GCLF could be due to be the nuclei of shredded dwarfs.
